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NOTICES

When Government drawings, specifications, or other data are used for
any purpose other than in connection with a definitely related Government
procurement operation, the United States Government thereby incurs no
responsibility nor any obliation whatsoever; and the fact that the
Government my have for•u.lated, furnished, or in any way supplied the
said drawings, specifications, or other data, is not to be regarded by
implication or otherwise as in any mnner licensing the holder or any
other person or corporation, or conveying am rights or permission to
manufacture, use, or sell azy patented invention that my in any way be
related thereto.

Qualified requesters may obtain copies of this report from the
Defense Documentation Center (DDC), (formerly ASTIA), Cameron Station,
Bldg. 5, 5010 Duke Street, Alexandria 4, Virginia.

This report has been released to the Office of Technical Services,
U. S. Department of Comerce, Washington 25, D. C. for sale to the
general public.

Copies of this report should not be returned to the Research and
Technology Division unless return is required by security considerations,
contractual obligations, or notice on a specific document.
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This report vas prepared by Ashland Ol & Refining Company, Inc.
unde Contract AP33(657)-11097. The contract was initiated under
Project No. 3048, Task No. 304801, and was ;Lzinistered by the Air
Force Aero Propulsion LTborstory, Fuels and Lubricants Branch, Wright-
"Patterson Air Force Base, Ohio, vith Mr. H. R. lander as project

Thls report covers work performed from initiation of the contract
effort on June 15, 1963, to Iay 15, 1964.

The work was directed for AshIand Oil & Refining Comp•y by
W. Arnold X. Less.
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ABSTACT

The thermal stability of nineteen degraded JP-6 type jet fuels was
improved to a level in excess of the present MIL-J-25656D specification
requirement by a filtration treatment. The improved thertml stability
of these reclaimed fuels was retained for more than six months of
ambient temperature storage.

The ASTM-CJMC (oker was used to measure thermal stability. The
coker ratings could not be correlated quantitatively with the chemical
and pkysical analyses because of the minute quauLity of the contaminants.
However, with the use of filter media these contaminants were concen-
trated suificiently to show some degree of correlation with the coker
ratings.

any of the additives present in these military fuels as well 466
those considered as possible future additives were removed in varying
degrees by reclamation filtration. The generation of static electricity,
filter media life, process economics, and design variables were other
parameters which were investigated.

This technical documentary report has been re-Aewed and is approved.

ME.rc P. Dunnam
Chief, Tecbhical Support Division
AF Aero Propulsion Laboratory
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SThee exists a gp in quality level of high-temperature jet fuel
between the shipping point and the use point. One possible process method
to c•lose this gap in qmality level is to poWp the jet fuel through an
in-field reclamtion filter at the use point.

Prior to the date (June 14, 1963) of this contract award, the
contractor had developed, independently and wholly upon his own initiative,
a process for rehabilitating thermlly degraded Jet fuels upon which the
contractor has filed a patent application on April 30, 1963, as Serial No.
276865 for United States Letter Patent. It has been demonstrated commer-
cialy within the last five years that this process has the ability to
restore degraded jet fuels at the refinery or use point to a quality level
as good or better than the original refined fuel at the production point.
The Air Force, by acceptance of the contractor's proposal, desired the
contractor to test the process with a wide range of degraded fuels to
determine the full limitations aud capabilities of such process for
possible Air Force use. Details of this contractual agreement are avail-
able from the proper agency within the Air Force.

Business ethics made it difficult to document all of the case
histories which resulted in considerable economic loss to the military,
engine builders, and fuel suppliers as a result of degradation of delivered
fuels which were rejected at the destination points because of loss in
thermal stability. In some cases some of the degraded fuels in large
storage tanks had to be downgraded into JP-4 type fuels by blending higher
vapor pressure components to meet the qualitj standards even on the down-
graded products. in other cases the fuel suppliers had to absorb the
round-trip freight cost for returning the fuels to the production point
and the additional rehabilitation expense at the refinery. In the interim
period of such cases the consumer was either required to discontinue his
operations or to procure alternate supplies. This new parameter of
instability of such fuels during transit and storage is obviously
untenable for both the supplier and the consumer. A rew years ago a
solution to this problem was found by the ube of in-field reclamation
filters. The success of these co cial reclamation units at the use
points during the last few years attracted 4"ae attention of the military
to evaluate this process fcr rehabilitating many different types of
degraded fuels on a pilot plant basis. Hence, this research effort was
initiated and completed to determine the full capabilities and limitations
of this process.

Ma~nuscript released by the author June 1964 for publication as an ASD
Technical Documentary Report.
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Recently the contractor has installed five additional commercial
filters at use point terminals for various processing rates ranging from
150 GPM to 1500 GPM. The purpose of these new filters is to insure the
removal of all degrading contaminants that may accumulate during previous
storage and transportation by barge, tanker, tank car, tank truck, and
pipeline.

In addition to reclamation filtering, other methods of fuel rehabili-
tation were considered. The redistillation method can be used quite
successfully to reclaim degraded jet fuels. Table 1 shows that most of
the contaminants and additives ca be concentrated in the 5% distillation
residue as a reject by-product. The 95% distillation overhead is
relatively free of contaminants and quite thermally stable. The test data
on redisti lation products listed in Table I show that the 5% residue
concentrated such contaminants as copper, lead, indenes, naphthalenes, and
peroxides. The residual additives were also concentrated in the 5%
distillation residue.

However, redistillation is not a very practical method to use in the
field because off its prohibitive cost, i~e. the direct operating cost of
redistillation reclamation ranges between 0.5 and 2.0C/gallon. The total
operating cost of such redistillation at the use point is prohibitive.
The 14ydrotreating process can be used quite successfully to rehabilitate
degraded fuels. Wrdrotreating removes oxygenated, sulfonated, halogenated,
and nitrogenated organic contaminants as acidic vent gases. Again, such
hydrotreating opera+ing costs are prohibitive (1 to 30/gallon) with some
material loss as light catalytic cracked by-products. Another adverse
economic consideration is that bydrotreating catalyst is poisoned by jet
fuel contaminants and additives.

At the beginning of this research project, the contractor set aside
about 30,000 gallons of degraded jet fuels in isolated, clean, carbon
steel storage tanks or drums to be available as required. Tables 2 and 3
show the code identification system for all of these fuels. To differen-
tiate these storage degraded fuels for this reclamation work, the first
ten fuels received from the Aero Propulsion laboratory were recoded
Reclaim Nos. 1 through 10. These Air Force coded commercial JP-6 and
thermally stable fuels were produced by several different suppliers. They
were all specification products at the shipping point but had become
thermally unstab.'L in the customers' tankage. These fuels were drummed,
retested in the Aero Propulsion Laboratory to confirm the bad coker
ratings, and shipped to the contractor for process.,ng through reclamation
filters. Reclaim Nos. 11 and 12 fuels had previously been in terminal
and customer's storage for about two years. These fuels were likewise
shipped as specification fuels at the snipping point, but had become
thermally unstable in the customer's tankage after about one year's
storage, Two transport truck loads of each of these fuels were purchased
by the contractor and stored in clean carbon steel tanks. Reclaim Nos. 13
through 19 were blends of Reclaim No. 12 and thermally stable fuels,
thereby providing varying degrees of thermal instability.
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To date about 5,000 Sallons of these fuels have been processed

thromg three coker nachines and about 9,000 gallons have been processed
t " t gh twelve reclamstion filter pilot plants. Fifty-five gallons of
each of the nineteen fuels have been filtered and placed in ambient
stomuge witbout readdition of ad4aitives. An additional drum of each of
Re•ium Nose. 1 through 19 has been filtered and stored with readdition
of additives. All of these filtered fuels have been tested on the coker
followi• g the tbree and six month storage periods at ambient temperature.
These fuels were storeO. under the same roof where the ambient tempera-
tures during the course of this period varied from plus 10 to plus 100 F
and the relative humidity varied from 20 to 100%. The storage containers
were rented to the air for normal breathing. The residual filtered fuel
samples have been forwarded to the Aero Propulsion Laboratory for long
time storege evaluation.

This report shows perfornance data obtained from existing commercial
and labomatory filter units as the result of processing many storage
degraded fuels. The primary objectives of this research effort were to;

1. investigate treating methods to rehabilitate storage degraded
fuels.

2. test the performnce of a reclamation filter for processing
many different jet fuels that had degraded during storage at
air bases and terminals.

3. document all useful test data obtained from nineteen contract
fuels before and after reclamation filtering to permit
defining the detrimeatal contaminants that caused the
degradation of the fuels.

4, recheck the coker ratings on these reclamation filtered fuels
after additional storage at ambient temperature. These coker
ratings were made after three months and six months to
determine whether or not degr-dation would occur again on
these reclaimed filtered fuels.

5. determine ýhe effect of additives and designated contaminants
on the reclamation filtering process.

6. determine whether the reclamatior filter unit would remove
detrimental coatAwmizsn°ns, viz. biological, organic and
inorganic (soluble and insoluble), and moisture.

7. determine the effct of design and operating variables of the
reclamation filter Ing process.

8. recommend the optim=m design of a field filtration unit that
would be useful and practical to the military for rehabili-
tating storage degraded Jet fuels.



11. METHOD FO RBCAMTION FILTRATION

As shown in Figure 1, the reclamation filter unit consists of two
zones. In the first zone the fuel flows upward through a chemical dryer
which consists of a free water coalescing and settling area with bottom
water drain facilities and a chemical drying area removing emulsified
and soluble water. In the second zone the dried fuel flows downward
through a filter which consists of a fine mesh activated media which
removes particulate matter (including submicronic), soluble chemical
and biological contaminants, etc.; a coarse mesh activated media which
completely retains the above media; and three additional layers of
coarser but completely inert graded metallurgical aggregate disengaging
clean fuel and completely retaining the filter media,

Carbon steel vesse.s have been used successfully to minimize the cost
and to provide flexibility in charging and dumping the filter media. To
date the standard media continue to be most successful; however, the cm
hardware could readily adapt itself to possible improved filter media.

With the use of this filter the data presented later in this report
demonstrate thLt this process can remove detrimental contaminants, viz.
biological, orgnd-c and inorganic (soluble and insoluble), and moisture.



III. DISCUSSION

A. Thermal Stability of the Test Fuels

The StAndard ASTM-CRC Coker and the Modified Coker were used to
measure therma stability of the test fuel samples, Figures 2, 8,
14j, and 20 (bar graphs) show the iaxinuam preheater coker ratings
(450/550/6) for the test fuel samples: the degraded fuel as
received, treated fuel immediately after reclamation filtration,
treated fuel six months after reclamation filtration. Figures 3
through 7, 9 through 13, 15 through 19, and 21 through 24 (photo-
graphs of coker preheater tubes) show comparative thermal stability
ratings for all fuels before and after filtration treatment. In
the photographic work, it was necessary to fabricate a large
tuberator housing in order to obtain authentic photographs of the
maximum deposits on the cylindrical preheater tubes. By this means
the photographs are comparable to visual inspection through the
standard tuberator.

All of the filtered fuels were improved from failing (425/525/6)
to passing on thermal stability as measured by the coker rig when
operated at 450/550/6 severity. Likewise this improved thermal
stability rating of the filtered fuels remained at the passing
level after both the three months and six months storage periods
at ambient conditionst

Appendix I shows the complete coker preheater ratings from which
the graphical data were obtained. Appendix II shows the coker
threshold stability data on the original fuels (Reclaim Nos. 1
through 10) as rated by the Aero Propulsion Laboratory. Nearly
all of the unfiltered fuels tested continued to drop in therml
stability during the same storage time and under the same
conditions. The data in Appendix III show the continued
degradation of the unfiltered fuels during storage through the
contract period.

The coker test data listed in Table 4 show that processing doctor
treated kerosene through the reclamation filter increased the
initial coker threshold temperature from 375/475/6 to 475/575/6.
Table 5 shows the physical and chemical test data for the original
doctor treated kerosene. Genera2lly speaking, an aged doctor
treated kerosene can be filtered to gain about 50OF coker threshold
temperature whereas a desulfurized aged kerosene can be filtered to
gain about 150*F coker threshold temperature.
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B. Physical and Chemical Tests on Fuels

Table 6 shows comparati ve physical and chemical test data for all
fuel samples included in this program* the degraded fuel as
received, treated fuel immediately after reclamtion filtration,
treated fuel six manths after reclamation filtration. Appendix IV
lists the sources of the chemical and physical laboratory procedures.

These comparative physical and chemical test data failed to identify
clearly the offensive contaminants. However, these test results did
show in most cases that in the filtered fuel samples there was some
reduction in olefins, peroxides, indenes, pyrrole and basic nitrogen,
surfactants including organic sulfonates, naphthalenes, naphthenic
acids, sulfur, iron, lead, copper, phenols, spent additives, soluble
water, gums, and particulate matter. Likewise, in the filtered fuel
samples the water separating characteristics were improved as
measured by the water tolerance, WSI, and WSIM tests. The regenera-
tion of the filter media also confirmed that these same contaminants
were removed from tht treated fuels during the filter operation.
These contaminauts were concentrated in the extracting solvent. during
the regeneration cycle. This will be discussed in more detail later
in this report under section "D".

C. Removal of Biological Contaminants With Reclami;ion Filter

Previous preliminary checks of fungal and bacterial removal from
other petroleum products by application of the reclamtion filter
have indicated that microorganisms in the magnitude of even less than
0.1 micron are completely removed from hydrocarbon fuels by use of
this process.

By arrangement with the Fuels and Iubricants Branch of Wright-
Patterson Air Force Base, the University of Dayton Bacteriology
Department supplied three different species of Pseudomonas bacteria
in pure culture, one each on Bushnell-Haas mineral salts agar
alants with JP-4 overlay and one each on trypticase soy agar.
These were designated as B-40, B-44, and B-54. Two different species
of fungi in pure culture were supplied, each on Sabouraud's agar
slants. These were designated as B-29 and B-55.

In order to substantiate the preliminary work in this area, specific
samples of JP-6 jet fuel were deliberately inoculated with fungi and
bacteria, both separately and together, and filtered through the
reclamation filter. The resultant effluent was filtered through a
0.45 micron Millipore filter to remove or to detect any remaining
microorganisms. The filters w..ere then incubated at 37 r in media

suitable for the specific r-croorghnisms for a one-week period. The
cultures were inspected visually every day for potential growth and
by use of both optical- and electron-microscopy every other day.
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The fifteen-day culturer shoved that the fuel which bad passed
through the chemical dryer section of the unit still contained a
few of the injected microorganisms# The fuel which had filtered
througb both the chemical dryer and filter sections proved to be
completely free of any bacteria or furse, thus confirming the success
of this process for removal of microscopic entrainments. In Figure 25
the furgi are traced through the filtration unit.

Other pbotomicrographs, Figures 26 through 39, illustrate the
positive identification of bacteria and fungi prior to filtration
and the negative identification following filtration. Figure 40
shows the effect of biological contaminants on coker preheater
tubes. The coker rating confirms that fungi and bacteria leave
a deposit on the preheater tube when operated at 450 F. The
uninoculated fuel gave a maximum preheater code of 1 while the
inoculated fuel gave a maxinum preheater code of 2.

The procedures for propagating the cultures, inoculating the fuels,
microscopically examining the fuel samples, and determining the
results are presented in Appendix V and Tables 7, 8, and 9.

Three complete runs were mude using different filter units (each
conforming to the specifications of the contractor's reclamation
filter). One test run was made using the bacteria alone, one
using fungi only, and the final test run was made using both
bacteria and fungi. It was found that in all three test runs no
bacteria, no fungi,, or spores were found to have passed through the
active sections of the filter units. This is illustrated in
photographs shown as Figures 25, 33, 35, and 37.

The depth of penetration by the microorganisms into the filter media
indicated that all of these microorganisms were retained on the
entrance layers of the filter media. This indicates that the filter
media life for removing biological contaminants would be much
greater than for other types of contaminantc. Therefore biological
contaminants are not the controlling contaminant for filter media.

From the results obtained, it can be concluded that the reclamation
filter successfully and completely removed the Injected micro-
biological contaminants from the JP-6 jet fuel utilized for the
project.

D. Removal of Other Contaminants With Reclamtion Filter

The other apparent detrimental contaminants to therm1 stability
which are removed by the reclamation filter media consist of
naphthalenes, olefins, indenes, phenols, pyrrole and basic nitrogen,
sulforates, perox"ides, sulfur, narphtthenic acide, surfactants
including organic sulfonates, lead, iron, copper, gums, spent
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additives, end Particulate matter. The free and emulsified water
containing soluble salts is also removed by the chemical dryer.
Confirmation of the removal of these contaminants was evident upon
analyzing the extract from the regeneration of the filter media.

A number of the pilot plant reclamation filtration units used for
determining the life of the filter media were shut down, drained,
and purged with nitrogen in preparation fer regenerating tLe filter
media. Trisoivent (benzene-acetone-isopropanol) was pumped into
the reclamation filter and allowed to stand 16 hours. then the ;AnIt
was flushed with additional trisolvent and drained. This extract
was then tested to determine the contaminants removed from the
filter media. The results from this determination follow.

1. Naphthalenes represented by far the greatest organic contami-
nant in the extract from the spent filter as measured by the
ASTM D-1840-61T spectrophotometric method. A Model DU Beckman
spectrophotometer was used for these analyses. Since the jet
fuel processed had an Engler distillation end point of 416 F
with a 0.5% residue; some of the expected interfering
compounds such as phenanthrenes, dibenzothiophenes, bipahenyls,
benzothiophenes, and anthracenes, were minimized by the
original fractionation of the jet fuel. This same processed
jet fuel contained only 0.1% naphthalene both before and after
the reclamation filter; therefore it appears that the 2.0 and
2.6% naphthalene found in the spent filter media from
processing Reclaim Nos. 11 and 32 could have been syntbesized
from spent additives and contaminants and then retained. Such
synthesized degradation products when extracted from the spent
filter media gave a positive test for naphthalene by ultra-
violet spectrophotometry. Even with such inconsistency, we
can still conclude that the real or apparent naphtbalene
content, when determined by ultraviolet spectrophotometry
(D-1840-61T), provides a contaminant identification method
for projecting thermal stability. Pilot reclamation filters
or their equivalent are requi-ed to concentrate such contami-
nants for extracting and testing.

2. Indenes, phenols, and pyrrole nitrogen were also found in
much smaller concentrations in the extract from the spent
filter media. These data are consistent with the data from
the before and after reclamtion filtered samples showing
partial removal of such contaminants by the filter media.

3. Lead, iron, and copper were also found in the spent filter
media. Nearly all of the pilot plant runs showed substantial
removal of these inorganic contaminants by the filter media.
The commercial reclamation filters showed removal of these
inorganic contaminants.

8
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M Th* ffoot pilot plant reclamation filter was shut down after an
exteded run for a similar regeneration with the exception thit
e -foot top, middle. and bottom section was analyzed separately.
Sit data in Table 10 show the analyses af the contamianst removed

Sfrc the filter wed'. The most detrimental contaminants and
additlves were completely removed in the top and aiddle filter

When 4/ns~ling seeral of the reclamation pilot plant units, it
was observed that a grease-like vaterial accuzalated in the void
space between the chemical dryer and the filter. Most of this

Srease-like mterial had been retained an the entrance layer of the
filter media and none of it had penetrated more than one inch into
the filter media. Som of the other chemical reactions are not

- - camXtely understood. Nowever, the positive removal of contami-
a-ts from jet fuel is quite evident as shown in Table 11.

- Smo of these contaminants were deliberately injected into the jet
fuel to determine their effect on thermal stability. These were
petroleum sulfonates, peroxides, indenes, and naphthenic acids.

Petroleum sulfonates were retained on the filter media yielding
treated fuels free of these soluble organic contamnants as shown
in Table 32. While petroleum sulfonate contaminant is very
detrimental to the water separometer test, such a contaminant is
not detrimental to the coker test when operated at the 475/575/6
severity level on JP-6 jet fuel.

Bszcyl peroxides were retained on the filter media yielding
treated fuels free of these soluble orgnic contaminants as shown
in Table 13.

Indenes were retained on the filter media yielding treated fuels
free of these soluble organic contaminants as shown in Table 14.

hfphthenic acids were retained on the filter media yielding
treated fuels free of these soluble organic contaminants as shown
in Table 15.

Fuels that become off-test on the copper strip corrosion during
storage due to generation of elemental sulfur by bacterial action
become quite troublesome in the field. Confirming our original
comrcial recismation filter data on both JP-6 and Mach 3 type
fuels, our mare recent laboratory data indicate that:

1. elemental sulfur can be generated in aged jet fuels,
following izproper fractionation or bacterial action,
yielding a bad copper strip corrosion test during storage,

9



2. by adjusting the promoter agent to the filter media, the
elemental sulfur can be removed from the reclamation
fllt4ered fuel without degrading other fuel qualities cuch
as thermal stability.

The supporting data for these conclusions are shown in Table 16.

Test fuels, Reclaim hos. 1 through 0l contained considerable
phenols on the before treats (as received) while the after treated
fuel samples contained only a small amount of phenols. This
indicates that reclamation filtTring removed phenols which in turn
ay have been partially responsible for the improved thermal

stability rating of these types of fuels. Reclaim Nos. I1 through
19, manufactured by a different process, contained very little
phenols on both the before and after treats which indicates that
phenols were not responsible for the bad thermal stability ratings
on these before treatsý The data in Table 17 support these
conclusions.

E. Effect of Additives on Reclamation Filtering Process

General observations to date from both the pilot plant filters and
commercial filters indicate that:

1. some approved jet fuel additives, namely antioxidants and
metal deactivators, that are normally included in jet fuel
usually improve the performance of the reclamation filter
media.

2. one approved jet fuel additive, namely icing inhibitor
(ethyleae glycol monomettyl ether with or without glycerol),
usually reduces the effective life of the reclamation filter
media.

Table 18 shows the antioxidant and metal deactivator content before
and after reclamation filtering on all of the fuels. These data
indicate that such additives ma. need to be readded to the filtrate
after the initial filtraticn tc'eatment. The data on the before
treats indicate that theral stability on these fuels deteriorated
badly even though additives were sJil present in the aged fuels.
Of the uncombined antioxidant and metal deactivator that were
originally added to the freshly produced fuels, approximately 25%
was still remaining in Reclaim No. 11 degraded fuel as received.
During the course of these life tests on the filter media, rearly
all of this uncombined and available antioxidant and metal
deactivator was eluted in the treated fuel as effective additives.
Tables 2 and 3 show that the coher break points of these aged fuels
are below specification. These fuels contained nearly maXimum
concentrations of additives when freshly produced.

10



The ASTM-GW coker ratings deteriorated with the addition of the
Military approved corrosion inhibitors. These data on JP-6
rababilitated fuels confirm similar data on freshly produced
coimercial TP-6 type fuele which show:

i. that coker preheater ratings at teznxratures above 425 F begin
tn deteriorate when the fuel is treated with minimim allowable
concentrations of all current militAry approved corrosicn
inhibitors. Occasionally some of these rrosion inhibitor
treated fuels have a hig~er threshold temperature, but
additional testing shows inconaistency in the occasionally
iunroved performance. These data indicate threshold break
points of the corrosion inhibitor treated fuels below that
of the virgin JP-6 jet fuel.

2. that reclamation filters can be used to remove some of the
corrosion inhibitors from such inhibited fuelz at the use
point terminal thereby improving the coker rating of the
filtered fuels. This approach has significant value wnen
convidering that jet fuel could be corrosion inhibited at
production point, transported to destination, and reclamation
filtered at the use point to minimize possible corrosion of
storage and shipping containers. However, individ,:.i research
would be required on a specific fuel to determine which
contaminant (iron rust versus corrosion inhibitor) would be
controlling in a specific fuel bandling system.

Figure 41 shows that the military approved corrosion inhibitors
when used in J?-6 jet fuel generally degrade a coker rating. It
also shows that a portion of the corrosion inhibitor can be removed
by a reclamation type filter which in turn improves the coker rating
at 450/550/6. Table 19 shows the detailed coker preheater ratings
supporting Fifire 41.

The Aero Propulsion laboratory used their reclanation filter to
process two fuels containing lubricant additives. These two fuels
were sent to krnaanto's Dayton laboratories for infrared identifi-
cation of these lubrica:t additives in the samples before and
after the reclaw-L.tlon filtration unit. The two r-uns that were made
on the reclamation filtration unit sho'red that both lubricant
additives were retained on the filter media and thereby removed from
the treated fuels. These data are shown in Table 20 and indicate
that such lubrl.cant additives should be injected downstream from the
reclamation filter. However, if a lubricant additive would become
incompatible to the fuelL such fuel could then be xmuaped through the
reclaztion filter to remove the objectionable additive.

Figure 42 shows the infrared spectra for the base fuel, duplicate
runs for the base fuel plus lubricant additive No. 1, and for the
filtered fuel. Figure 43 shows similar spectra for lubricant



additive No. 2. The spectra representing the filtered fuels are
identical to those of the base fuel with no additive.

A typical commercial antistatic additive (3 ppm) caused the
deterioration of the thermal stability of jP-6 jet fuel with the
coker operating at 450/550/6. These data are shown in Table 21.

F. Static Electricity Generated by Reclamation Filter

Most of the static electricity studies predate this contract work
since safe laboratory procedures were required to conduct the
original research work to develop a practical reclamtion filter.
In this original work, three phases of static electricity were
evaluated.

1. Conductivity

Since reclamation filtering involves removing contaminants from
the fuel processed, conductivity of the filtered fuel is
decreased, as would be anticipated, with the use of a good jet
fuel filter. Conductivity measurements varied considerably
depending upon the quality of the fuel charge and its additive
content, the contaminants removed, and upon the quality of the
treated fuel required. If the reclamation filter accomplishes
its primry objectives of romoving contaminants, the conductivity
parameters must become of secondary consideration.

2. Static charge build-up

The design of the reclamation filter has been -nde to reduce
drastically the potential static charge build-up. These design
features include relatively low fluid velocities (3 feet per
minute), support media with neutralizing and/or relaxing
components, grounding facilities, and media promoting agents
that tend to lessen generation of static charge.

3. Fire hazard measu'emert at effluent product receiver

Drastic laboratory environment was arranged to initiate
combustion at the product receiver. Ungrounded metal receivers
were used to receive the fuel by top fill splash loading in an
air atmosphere. The third component for ignition of the fuel
became the controlling variable -- static electrical charge.
The original laborEtcry work included varying the fuel flow
rate from 1 to 300% of the recommended design flow rate,
varying the `-el type tu culLivaute explosive ranges in the
lean and rich zones and on Ioth sides of these air-vapor
ratios at the receiving tank, varying "low temperatures from
minus 20 to plus 130 F (above and belcw flash points of



17 differere n-s:&, etc. To date, no actual fire flashes have

been i&ýgt%;. cy the static electricity generated by these
reclaution filter runs.

While the number of laboratory runs prior to this effort were
more nuierous and more conducive to static electrical fires
the the present laboratory runs, these run also consisted of
top splash filling in ambient air of about 1800 five-gallon
inftl cam (ungrounded) with treated product stream from the
pilot Plant recl~ation filters. The potential hazards using
WVy method of fuel handling should never be minimized. However,
these laboratory runs as described above and actual comercial
run indicate that with well grounded reclamation filters --

the static electrical discharge from reclamstion filters is
coniderably less than for many other existing .high fluid
velocity filter-separators. The norml laboratory confiLration
for reclamtion filter units should incorporate grounding of
product metal containers with submerged filling spouts.

When testing for static electricity build-up on both laboratory and
commilal reclamtion filters, it was found that:

1. negligible static electricity is generated in processing fuel
as it flows through this unit.

2. the ability of both the unfiltered and filtered fuel to carry
away artificially induced electricity would vary considerably
with the type of fuel being processed (with or without
additives).

3- proper grounding of metal filter units is required for general
safety reasons regardless of whether or not a fuel is being

S* processed.

I . when the product receiver in the reclamtion filter was
arraned in au environment which was very conducive to
supporting combustion if static charge was generated, no
ignition occurred indicating negligible static generated
within the reclAmation filter.

G. Life of Filter Media

Figure 44 shows the treating costs of the reclaution filter media
when processing different degraded fuels. Appendix VI shows
supporting data for Figure 44.

Life of the filter media is decreased with increasing soluble
orgaic c.ntmniants or increasing coker severity. Both pilot

13



units and commercial reclamation filter units have demonstrated
that:

I. the greater the concentration of soluble organic contaminants,
the lower the life of the filter media. However, this
relationship is not directly proportional to the total amount
of soluble organic contaminants since some organic contaminants
elute sooner than others and some are more detrimental than
others.

2. the greater the severity of the coker test conditions on the
treated product, the lower the effective life of the filter
media used for reclamt~on. This relationship approaches a
logarithmic function.

3. the analytical complexity of reclamation filtering is such as
to limit precise predictions of the life of filter media,
however field experience and pilot runs give a reasonably good
basis for design calculations on all grades of jet fuel
processing. Obviously the degree of accidental contamination
cannot always be predicted.

A specification JP-6 jet fuel containing antioxidant and metal
deactivator in allowable concentrations when processed through a
reclamtion filter soon saturates the filter media with these
additives without affecting the ability of the filter media to
remove other contaminants. After filtering approximately 100
barrels of fuel per ton of filter media, these additives elute
into the effluent in their original effective form. However,
icing inhibitors do seriously decrease the life of the filter
media. It was found that injecting the icing inhibitor following
the reclamation filter provided a preferable operating procedure.
While processing a very bad JP-6 jet fuel (Reclaim No. 11), the
filter media life for complete reclamation for improving coker
threshold temperature from 350 to 475 F exceeded 13,000 barrels
of fuel per ton of filter media. The continued processing of this
same fuel with a 16,000 bar.:els per ton rate showdi a gradual
increase in naphthalene, indeaes, pyrrole nitrogen, ctopper, lead,
and iron bleeding into the fuel filtrate.

The foregoing data which show the life of the filter media when
processing badly degraded fuels are somewhat distorted since two
comercial units have considerably less operating cost when
processing larger quantities of fuel.;. In practice, such filters
could be used continuously to process both bad and good faiels in
any sequence thereby insuring that all of the filtered fuels will
be thermlly stable. The continuous processing of all incoming
fuels through reclamation filters would insure that all the fuel
delivered to the ai craft would be thermally stable and on
specification with considerable saving in testing time and cost of
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teastig the fuels. Additional additives that my be requested for
fligt benefits could. be injected into the effluent stream from the
reelmtion filter unit with an automated proportional additive pump.

N. Design Variables of ReclamatiLn Filter

5 Speacfia•tions f j jet fuel filter-separators have been well
doca•ated for the removal of pbysical contaminants - namely solids
and free water. With the continued more rigid requirement for the
rteAwl of pysical contaminants, new requirements bave been added
to remove also chemical and biological contaminants from high-
temperature jet fuels at the use point terminals. The usual design

variables far filter-septrators are viscosity, interfacial tension,
teope ture, differential density of fuel and water, and the type,
quantity, and nature of contaminants to be removed. The new design
criteria i2clve the nature, type, and quantity of soluble chemical
and biological contaminants and their ease of removal in the presence
or absence of fuel add1tves. These design criteria may incorporate
the supplemental flexibility of different filter media, different
filter supp•r•ts different disengaging hardware along with the
efficient disposal and replacement facilities for the active filter
media. Optimum flov rates have been established for pilot and
cmercial filtration units with standard filter media for the
different current types of military high-temperature jet fuels besed
on effective removal cf typical contaminants, viz. physical,
chemical., and biologial.

Figure 45 sho.s the filter pressure drop versus the flow rate for
fuels with varying viscosities. Figure 46 chows the filter pressure
drop versus the flow rate for JP-6 fuel for varying filter bed
depths.

Table 22 shows practical design data for maxiuaum permissible flow
rates on the reclamstion filtration unit as taken from the curves
in FIgures 45 and 46. While other variables may be controlling,
it in believed the maximam flow rutes through the reclamation
filtration unit listed in Table 22. provide a reasonably good design
basis for insuring good performance and opti=am economics. The
cross sectional area of the chemical dryer can vary betweeu 30 and
60% of the cross sectional area of the reclamtion fIlter, depending
an the anticipated drying duty. The depth of the filter bed and
drier bed can vary with the permissible cost of the hardware but
preferably with the anticipated effective-contawLnant-load in bhe
fuel to be processed. The effective-contaninwit-load will vary
with the coker severity level requirement on the treated fuel.
For some operating requirenents, considerably higher flow rates
can be realized provided the charge pump and hardware are designed
for the higher pressuri. drops.

15



In general, the performance of the comercial reclamation filter
units is better than the simulated pilot units, Some of the
contributing factors that favor the coamercial unit are:

m. nore consistent Jet fuel charge quality

£. less con ?ct of the fuel with the metal containers -- gallons
fuel/ft metal surface

3. less contact of the fuel with air

4. fewer experimental operating variables

Since the pilot filter units are less efficient, design data based
upon pilot runs provide a greater contingency allowance in commercial
installations for accidental mishandling of fuel. In any event,
mishandling of fuel should be avoided whenever possible.

16



IV. SU!4MR

for 4toVs degsrded Jer fuelh viz. iudrotreating, redistiflation, andrftemti=n filtering. The data indicate that hydrotreating and

redistlllng6 &coOMplish the reclanationr, but these processes would not
b. practical in field applications where the problem exists. Reclamatioa
filtrati= has been used cuorcially for several years in the field,
Filter Alot Plants were used in this research work to rehabilitate
inet een_ different degraded fuel samples, It can be concluded that

renlamtion filters are practical, economical, effective, simple, and
safe. Commerial. filters can be constructed and installed quickly
within Uew or existing fuel facilities. Perhaps such a filter could be
operated effectively with or without filter-separators.

The use of the filter unit could permit deleting some jet fuel
Additives duriAg the production and transportation of these fuels. The
filter coUld be used at the use point to rehabilitate the fuel and to
allow also the Injection of additives into the filtered fuel to meet the
specific demands of the aircraft during flight. Hot residual fuel from
retUrning aircraft could also be filtered at the air base and then
returned to an coingled with fresh fuel.

Since the quality of the reclaimed filtered fuel is possibly better
than the freshly refined fuel, laboratory testing could be minimized filong
with its corresponding time delays. The research data indicate that
indenes and other contaminants are generated during ambient temperature
storing. Since the greatest demand for stability of fuels is during flight,
it is logical to provide for the greatest stability level just prior to
fueling aircraft and then to fortify with additives for the specific flight.

- - i se poin-i. filter could permit this optimum approach.

The filter also provides a means of concentrating and removing jet
*. fuel constituents for supplemental measuring, identifying, and monitoring

pzrpmes° The coker test is much more sensitive than physical and
chemicel tests for determining thermal stability of high-temperature jet
fuels. The filter removes and concentrates most of the contaminants
"r'L�dXie�I of what type or quantity causes the instability of jet fuels.
The filter media are In sufficient quantity to enable several months or
possibly several years operation prior to regeneration or recharging of

* -the unit.

The rehabilitation of all of these fuels processed by the pilot
filters belp. to Justify new installations of commercial reclamation
filters for processing aM storage degraded fuels at military tank farxs.
Tb. processing of Good fuels through filters produces even a higher
quality fuel. The occasional or continuous processing and rehabilitating
of bad fuels aoids downgrading of these bad fuels. Following their

17



reclamtion filtration they can be comingled with the good fuels in any
or all proportions since they have equivalent thermal stability ratings
and compatibility characteristics. While most fuel suppliers expect the
delivered fuel quality to be satisfactory, too mny failures have already
been documented at the threshold of the supersonic jet age. The
installation of reclamition filters at the use point terminals could
close the gp in quality levels and insure the delivery to the aircraft
of as clean, dry, and thermlly stable jet fuels as is possible with the
present state of the art.

18
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1. Zntafl conmeial reclantion filters at several fuel facilities
to Sa ad4itionl expeiene under full scale application and to
Wovide fied developmentoal data to determine feasibility of more
extesive applications.

2. Conduat additions research work to develop an in-field theral
stability axitoring instrument to record automatically contaminant
levels of jet fuels in storage tanks.

- 3, Conduct additional research work on correlating contaminants
(eytn•oAted from filter media) with coker ratings on the before and
"after treat samples from reclanation filters,

'4. C t additional research work on improving regenerative
procedures for reolanation filters.
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RECLAIM IM 3
WPMR TWAT ATrm TREAT

Figure 5.Ccuparative Coker Preheate~r Tuibes for Reclaimn No. 3OfBefore Treat" (Code No.- 7) representgs ekiarge to filter and"aAfter Treat" (Code No. -1) represents effluent product fromrecnuation filter.
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RECLAIM POOL~

S1Fra" TOUT AFTER TREAT

Figure 7. Comparative Coker Preheater 7uibes for Reclaim No. 5

"Before Treat" (Code No. 8) represents charge 4o filter and
"After "reat" (Code No. 1) represents effluent product from
reclamation filter.
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Figure 9. Compustive Coker Preheater Tubes for Rec~laim No. 6

"Deore't Treat" (Code No. 3) represents elarge 'to filter and
"After Treat" (Code No. 1) represents efluent product from
reclimtion filter.
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RECLAIM NO. 7

-111 foUA AFTER TRAT

?igtwe 10. Ccn~rative Coker Preheter Tuabes for Reclaim No. 7

"Nefor. Treat" (Code No. 6) represents ebarge to filter and
"After Treat" (Code No. 1) represents effluent product from
rocamwtion filter.
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RECLAIM NO,4:

WPORM ThWAT AFTER TRtAT

Figure 11. Comparative Coker Preheater Tubes for Reclaim No. 8

"Before Treat" (Code No. 8) represents charge to filter and
"After Treat" (Code No. 1) represe.ts effluent product from
reclamation filter.
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RECLAIM Moil
w ans, OWArra TREAT

* Figav 32. Caqeprative Coker Prebgater Tubes ror Peclaim No. 9

"Udoar* Treat" (Code No. T) represents abarge to filter and
"NAfter Treat" (Code No. 1) represents effluent jwoduct from
rec~asatwin filter.
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RECLAIM U&I m

89FOU TWAT WI. YUAf

Figure 13. Coqmprative Coker Preheater Tubes for RecALim No. 10

"Before Treat" (Code No. 3) represents charge to filter and
"After Treat" (Code No. 2) represents effluent product from
reclamation filter.
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RECLAIM NO.a .

L SEFup TKET AFTER TREAT

Figure 15. Comparatlve Coker Preheater Tubes for Reclaim No. '1.

"Before Treat" (code No. 8) represents charge to fil er and
"After Treat" (Code No. 1) represents effluent product from
reclauation filter.
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RECLAIM i

KCETRLA7 AFTE TRWAT

YiV76re 16. Comparativye Coker Preheater Tubes for Reclaim No. 121

IlDef ore Treat" (Code No. 8) represents chaorge to filter anid
"After Treat" (Code No. 1) represents effluent product from
ieclamation filter.
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RECLAIM NO. 13

SKOU TMEAT AF•tER •l. "

Figure 17. Comparative Coker Preheater Tubes for Reclaim No. 13

"Before Treat" (Code No. 8) represents charge to filter and
"After Treat" (Code No. 1) represents effluent product from
reclamtion filter.
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RECLAIM NO.14

DEFORE TWEAT AFTER TREAT

Figure 18. Cacmp&ative Coker Preheater Tubes for Reclaim No. 14

"Before Treat" (Code N1o. 8) represents clarge to filter and
"After Treat" (Code No. 1) represents effluent product from
rel&mtion filter.
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RECLAIM NO. 15
S111AT AFTIER 1tEAT

Figure 19. Comparative Coker Preheater Tubes for Reclaim No. 15
"Before Treat" (Code No. 5) represents charge to filter and
"After Treat" (Code No. i) represents effluent product from

reclamation filter.
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RECLAIM ueoi

I Figure 21. Comiarative Coker Preheater TUbes for Reclaim No. 16

"IBefore Treat" (Code No. 5) represents charge to filter and
"After Treat" (Code No. 1) represents effluent product from
reclaatiov filter.
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Flwe. 20o Co~mprative Coker Prebmter Tubes for Rec3lain No. 17

"3bcsme Treat" (Cod. No. 8) rePresents ebarge to filter and
"After Trust" (Code No.* 1) reresent offljuent product from
reclaustion filter.
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Figure 23. Coapsi-ative Coker Preheater Tubes for Reclaim No. 18

"Before Treat" (Code No. 5) represents cbiurge to filter and
"After Treat" (Code No. 1) represents effluent product from
reclamation f ilter.
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RECLAIM N''l' '

Fipure 214o Coqszstive Coke' Prehoter Tubeg for Reclaia No. 19

"Beaore Treat" (code No. 5) repmsents ckwri to filtea.. ud
* - '"Af ter Treat" (Code No. 1) represents effluent produt from

rec.laation filter.
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Figure 25. Tracing Fungi Through Filtering Process

Hormodendrum Species
(Following 72-hours incubation)

KEY: Control: Petri dish containing sterile Sabouraud's medium

Petri 1: Inoculated drum, JP-6 fuel (-'250 colonies)

Petri 2: JP-6 fuel following chemical dryer section (- l2 colonies)

Petri 3: JP-6 fuel following tnw reclamation filter section
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OPTIC2AL M1CROSCOP1 SECTIONf

PhotoMicrogphs, Figures 26 Thr-ough 29

Micromeope: leitz Priocular Ortholux Wttroscope
Oil imiersioa achrowtic objectivewithi focal length of l'.9 mm

Camra: Leica M-1 Body Came-ra
vith Ricroattacbmet
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Figure 26. Typical Bacteria
Pseudomonas Species

Total magnification: 2450 X
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Figure 27. Typical Fungi

Hornmdendrum Species

Total zagiification: 1300 X
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Figure 28. Bacteria-Inoculated JP-6 Fuel in Charge Drum

Total Mzgnification: 2450 X

Note intimte dispersion of bacteria throughout fuel sample.
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ELECTRON 10C"ROSCOPY SECTION

Eleetronphotomicrographs, Figures 30 Through 33

Microscope: Phillips Model EM-75

Continually variable magnification of
1500 - 15,000 diameters. Resolving
pover, 75 angstroms.

Camera: Phillips, 35-0m
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Figure 30. Typical Bacteria
Pseudomonas Species

Total mnpiification: 7500 diameters
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F igu~re 31. Typical Funigi

Hormodendru-rn Species

-fa magnification: 7500 dia~meters
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Figure 32. tUninoculated JP-6 Fue in Cha.rge Drum

Total Ragnification: 7500 diameters

Note: 1. large spheres present due to colloditon filmD.

2. Darkened areas due to inorganic and not
biological particles.
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Figure 33. Reclamation Filter Frluent

Total magnification: 7500 diameters

Note: 1. Da.rk particle present clue to aerial contaminatio~n of grid.

e. Cleanliness or ruel at this point.
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Figure 34. Fungi from Top Ditrance layer in Filter Media

(Optical M~icrograph) Total magif ication: 2450 X

Note fungi present at top of filter media.
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Figure 35. Bottom Exit layer in Filter Media - Fungi Specimen

(Optical Micrograph) Total magnification; 1250 X

Note absence of fungi at bottom of filter media.
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F• v 1e, 36.Zateria froml Top? Entra~le I~yer in Filter Media

(Opical.• Mi:c~rogpraph) Total wagniLfication: 1250 X

Note Voe~nese of bacteria at top ct filter mod-La.
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Figure 37. Bottom Exit LaWer in Filter medsia - Bacteria Specimen

(Optical Mticroraph) Total mgnification: 3250 X

Note absence of bacteria in bottom of filter media.
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Flw 40.Q ifect of Biologies, Contaminmrt 00 Coker Freheater Tube

NlOte slight deposit at top Of tube after inocu2Lation.

After inoculation, preheater code No. 2
Before if~clO~~tiOfl, preheater code No. .1
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Table 1

Test Data on Redistillation Fractions

Reclaim No. 1i Reclaim N4o. 12

95f 5% 95% 5
Overhead Residue Overhead Residue

Coker (45o/55o/6)
Preheater, max code 3 8 2 8
Diff. Pressure, in. Hg 0.3 >25 0.3 >25

Coker (450/)•0/6Q Plus Reclamation Filter

Preheater, max code 11 - -
Diff. Pressure, in. Hg 0.3 -- 0.0 --

Metal Deactivator.,
Ibs/1000 bbls 0.95 16,7 0.83 14.9

Paraphenylenediamine*,
Ibs/1000 bbls Nil 1.05 Nil 0.70

Corrosion, copper strip
at 212 F 3A IB 3A IB

Copper, ppb Nil 40 Nil 80
Indene, ppm 46 900 44 865
Lead, ppb 40 5110 51 4333
Naphthalene, weight % 0.07 o.61 0.07 0.56
Nitrogen: Basic, ppm 1.9 11.5 2.1 6.5

Pyrrole, ppm 0.2 0.4 0.3 0.3
Peroxide, ppm 1.68 16.64 1.44 11.60
Sodium, ppm 2.00 5.55 1.75 14.73
Sulfonate, ppm 0.08 1.13 0.12 1.20

* Analyzed before readdition of antioxidant
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Table 2
Code Identificoation for Air FOrce Furnished F~uels

Con~tractor Air Force SMM Coehjl od o Break Point Te pratuz-e-Cd fe Prebeater.' Filter, 'ReC3^ja AD. 1 MF-2i JP-6 25525
Reclaia no. 2 SF- 2 J'P-6 425 500
Rec3&im No- 3 Sr6-6203 JP-6 425 500
Reclaia No. 4 7OF-6206 'NISJp 425 500
JReClaim Xo. 5 S76..6207~ JP-6 425+ 525
Reclair No. 6 Sf6-6208 JFP-6 4254- 500
ROclim No- 7 SF6 -6209 JP-6 4oo 500
Reclaim No. 8 SF6-62ia p- 425+ 525
Reclain ft. 9 SF6--6214 JP-6 425+ 5254-
Reclain No. 10 TSF-6312 4TSJY 40047

*Thermllýy Stable Jet Fuel, a14-F-255224A (rUsW)
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Table 3

Code Identification for Contractor Blended Fuels

ASTM-CRC Coker
Contractor Break Point Temperature

Fuel Code No, Source _Ij_ Preheater, -F Filter, F

Reclaim No. 11 Ashland Tk 76 jp-6 375 525

Reclaim No. 12 Ashland Tk 78 jP-6 375 550

Reclaim No. 13 50" Ash. Tk 78 jP-6 425 575
50% Fresh JP-6
No addaitives

Reclaim No. 14 50% Ash. Tk 78 Jp-6 450 575
50% Fresh JP-6
With additives

Reclaim No. 15 50% Ash. Tk 78 *TSJF 425 550
50% Fresh TSJF
With additives

Reclaim No. 16 50% Ash. Tk 78 JP-6 375 500
50% Fresh JP-6
With anti-icing

Reclaim No. 17 10% Ash, Tk 78 JP-6 400 525
90% Fresh JP-6
No additives

Reclaim No. 18 10% Ash. Tk 78 JP-6 450 575
90% Fresh JP-6
With additives

Reclaim No. 19 10% Ash. Tk 78 jP-6 450 575
90% Fresh JP-6
With additives

* Thermally Stable Jet Fuel, MIL-F-25524A (USMF)
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Table 4

Therial Stability Data for Doctor Treated Kerosene

As Received (no Treatment)

C r ConitiOn$ Preheater ZP

325/425/6 1111311 34o-3oW

-350/1450/6 13111V1~13131 25.0-175

375/475/6 1311111111321 25.0-263

Pollavina Processinga b eltion. rilter

Cok•r Conditions Preheater AP-Wtnutes

14/500/6 1111131113311 0.3-300

450/550/6 .113111111111 0.0-300

4i75/575/6 1111311133331 0.2-300

Note: The analysis of the original doctor tretei kerosene (Table 5)
is representative of all the fuels used for the research work

showpn above.
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Table 5

Amlysis of Doctor Treated Kerosene

Gravity, AnI 43.7Distillation: IBP, 'F 342
10% Evap., F 36
50% Evap, 'F 406
90%Evap., r 46D
EPF
Residue, volume % 1
loss, volume % 0Saybolt Color 25

Preezing Point. OF -56
Viscosity, cs at -30 F 8.26
Flash Point, *F 132
Gum: aistent, 26/l00 ml 2.0

Potential, ng/l00 ml 3.6Water Tolerancr : Interface I
Vol. change 0Water Separometec: WSIM 89

Moisture, ppm 58
Net Beat of Combu3ticn, Btu/lb 18602Aniline-Gravity Prcouct 6297
Corrosion 3A
Sulfur: Mercaptan, weight % 0.001

Total, weight o 0.063Doctor Test Sweet
Aromtics, volume % l-.3Olefins, volume % 3,0
Smoke Point, -m 26
Naphtbalene, weight % 2.02
Copper, ppb 8.8
Indene, ppm 38
Iron, ppm 0.05
Lead, ppb 34.7Nitrogen: Basic, ppm 1.8

Pyrrole, pp. 0.93Peroxide, pp. 0.89Phenol, pp 70
Sapenfication Number 0.20
Sodium, ppm 4.64
Sulfonate, ppm Ni .
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Table 6

fPt~sical and Chemical Tests on Fuels

Reclaim No. 1

Aged
SBefore After After
Treat Treat Treat

G ri• M IAT 50.0
Distillation: IBP, *F 290

10% Eap., or 305
m 5o% Eap., OF 326

90% Evap., OF 360
EP, -F 4404
Residue, volume % 1.0
Loss, volum 4, 1.0

Saybolt Color Yellow
Freezing Point, *F -70-
Viscosity, es at -40 F 3.70
Particu-ate Mltter, m&1/gal, 0. 4 5M Filter 1.1
OuR: Existent, mj/100 ml 0.4 0.8

Potential, X/100 ,- 2.1 5.4
Water RePation Index 1
Water Separometer: WBI 82.3

WSIN 56.0
Moisture, no 48.0
Specific Neat at 300 F 0.632
Net Neat -of CoWmation, Btu/lb 18,725
Aniline-Gavity Product 7475
Corrosion, copper strip at 212 ? IA
Sulfvr: Mercaptan, veigq • 0.0o06

Total, weight 1' 0.044
Doctor Test Sweet
Az•o•tice, volume 5 9.5
Ole•ins, volume 5 1.0 0.9
Smoke Point, no 25.0
NUathalene, weight 5 0.25 0.10 0.06
Copper, ppb 35.0 50.0 4.0
Indene, ppa 61 9 34
Iron,, pym 28 0.68
LTd, p P 22.8 27.2
Nitrogen: hasic, ppm 2.1 1.9 0.6

Eyrrole, ppw 0.3 0.1 Nil
Oxygen, Dissolved, ppm 35.0
Peruxidc, pN 1.50 0.44
Sodlum, pp. 2.39 4.85
"Sulfazate, pYR 0.055 Nil
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Table 6 (Contimued)

PbYsical and Cbeaical Tests on Fuels

Reclaim No. 2

Aged
Before After After
Treat Treat Treat

Gravity, °AI 49.8
DistiJlation: IBP, Op 290

10% E-Vap., or 30050% Evap., 'F 3o6
90% Evap, 344
FP,-F 3,8)
Residue, volume % 0.5

Saybolt Colbr Losgg) volume % 0.5

Freezing Point, Op -30

Viscosity, cs at -40 3- 52
Particulate I'tter,, xg/ga1, 0.45/ Filter i-5
Oum: Existent, mg/100 ml 0.2 0.2Potential, mg/100 ml 2.1 2.8Water Reaction Index 1Water Selmrometer: WSI 85.6

WSIM 57.0ioisture, plm &45.0 51.9
Specific Heat at 300 F 0.612Net Heat of Combustion, Btu/lb 18,625
Aniline-Gravity Product 6524
Corrosion, copper strip at 212 F 1A
Sulfur: Mercaptan, wei§Lt % 0.0006

Total, weight % 0.052
Doctor Test SweetAromatics, volume 8.2
Olefins, volume 5 3.1 3.1
Smoke Point, = 23.0Naphthalene, weight 5 0.07 0.02 0.10Copper, ppb 33.0 38.0 15.0Indene, ppm 6 0 3Iron, ppm 17 0.42Lead, ppb 1U.2 25.3Nitrogen: Basic, ppm 0.7 <I.0 7.3

Pyrrole, ppm 0.2 0.1 NilOxygen, Dissolved, ppm 32.5Peroxide, ppm 0.50 0.44Sodium, ppm 0.00 3.00
Sulfonate, ppm 0.029 Nil
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Table 6 (con~tinued)

•tsical "d Chemical Tests on Puelsi l Reelaim No. 3

AgedBefore After Arter
Treat Treat Treat

, "•4 9 .8
290

90% 31

379Residue, volume % 1.0SCorLoss, voluime % 0.5S~ yb lt C lor+30
'Viscosity" es at -40 

3-*28P~rtiog21at* i'ktter, '4/9&.l, 0-45A Filter 1.3~am: existent, uMg/l0 M1 0.2 0.14Potential, ng/loo ma 0.6 o.6Water Reaction index 
IWater Separometer.. W81 
89.7

W•3X 
58.0Moisture.. ppm 
3..3 4.8Ofific Reat at 300 Y 
o.612Net Reat t Cawbusticm, ftu/Ib 
18,623Aniline-0mvity Product 649Corrosion, copper strip at 2. F 6IASulfur: Mercaptan, vwight % 0A

Total, weight 15 0.053D octor Test SweetAromtica, volume % 
10 e5Olefins, volume % 2.8 1.2Smoke Point, -m 
28.0Mphthalene, weig•t % o.14 0.o0 o.04Copper, ppb 

26.0 11.0 10.0Iadene, ppm 
6 1 1?Iron, p 
18.0 0.62LfAd p~pb 

16.o 24.7Xitrogen: asic, ppm 1.3 2.0 7.3Pyrrole, ppm 0.2 0.2 NilOger , Dissolvedi, Mm 
31.7Poroxide, p•m 
0.80 0.20uodiune, p;m 
1.00 5.01Bialfonate, p 0.110 Nil
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Table 6 (Continuedj)

PbysiC&a anid Chemical Tests on Fuels

Reclaim No. 4

Bef ore After After
Trat Treat. Tr~at

Gravity, *API 47.9Disti12ation: Thpj 326
10% Evap., OF 31.050% Lhap.,. ? 358
90% Evap. , OF 400

P,7 P - 40
Residue, volume % 1.0

W10tClrLossj, volum~e % 1.5
Freezing Point,, OF +23-
Viscosity, CS at -40~ 5.130f
ftrticulate Matter, =91/8&l, 0.45 Filer139

Gu: bcstn. mg/l0O mi 0.2 0.2Po~tential, mg/100 al 1.2 1.7Water Reaction Index IWater Separometer: wSI 98.7

Moisture, pym WSM36.2
Specific Heat at 300 F 0.608Net Beat of Combustion, Btu/lb 18,639Aniline-Grav~ity Product 6658Corrosion$ copper strip at 212 F ISulfur: IMercaptana, weight % 0.0006Total,, weight % O-Cý2Doctor Test SveetAromaticas, volume % 11.7Olef ins., volume 5 0.6Smoke Point, x= 27.0Naphthalene, weight % 0.29 0.01.Copper,, ppb 24.0 12.5Indenel, ppm 533Iron, ppm 0.6lLead, ppb 4.0Nitrogen: Basic,, ppm 3.8 4.4

Oxgn Pyrrole, ppm 0.5 0.1. NilOxge, D)issolved, ppm 31.4.Pero-ide., ppm 1.70 1.50Sodium, ppm 1.90Sulfonate, ppa 0.120 Nil
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Table 6 (Continued)

Ptal"I &amd Chesical Tests on Fnels

Reclaim No. 5

Aged
Before After After
Treat Treat Treat

Gravity,, "API 50.2
DiWstillation: IBP, VF 290

10% Evap.,' or 305
50% EvaP -, 'F 320
9 •% Evap., *F 366
E'P, "F 414
Residue, volume % 0.4
Loss, volume % 0.6

Saytblt Color +16
Freezing Point, *F -70-
Viscosity, cs at -40 F 3.59
Paxticulate Matter, gigal, 0. 4 5A Filter 1.7
G0z: Edstent, g/100 ml 0.0 0.4Potential, ig/i0 MI. 2.0 1.6
Water Reactiot Index I
Water Separometer: WSI 83.9

WSIM 47.o
MJisturep ppm 40.2
Specific NeBt at 300 F 0.612
Net Rmt of Combustion, Btu/lb 18,646
Aniline-Gravity Product 6727
Corrosion, copper strip at 222 F 1A
Sulfur: Mercaptan, weight % o.ooo6

Total, weight 0.0i
Doctor Test Swee.
Aromatics, volume * 9.4
Olefins, volume 5 0.7 0.8
Smoke Point, me 30.0
Naphthalene, weight 5 0.219 0.11 0.10
Copper, ppb 137.0 18.0 5.0
Indene, ppm 96 14 37
Iron, p9m 0.28
Lead, ppb 10.8
Nitrogen: Basic, ppm 1.6 4.0 4.4

Pyrrole, pla 0.3 0.1 Nil
Oxygen, Dissolved, pp. 41.4
Peroxide, ppm 0.70 0.44
Sodium, ppm 2.85
Sulfonate, ppm 0.005 Nil
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Table 6 (Contjnu;!,

Physical Lind Chemical. Tests on Fuels

Reclaim No. 6

Aged
Before After After
Tren-&ý Treat Treat

Gravity, -API
Distillation: I:p, aF 49.7

10% Evap., OF 290
5U% Evsp., -F 312
90% Evap.0 -F 312
EP, -F 337
Residue, volume % 0.7
Loss, volume % 1.3

Saybolt Color +-3Freezing Point, oF +30
Viscosity, cs at -40 F -70-
Particulate Matter, mgigal, 0. 4 5/4 Filter 1.5Gum: Existent, mg/100 ml 

0.0 0Potential, mg/i100 ml 0.0 5.
Water Reaction Index 2.6 5.2
Water Separometer: WSI 9

WSIM 93.0
Moisture, ppm 53.1
Spe-cific Heat at 300 F 0.611
Net He1at of Combustion, Btu/lb 18,606
Aniline-Gravity ;>roduct 633
Corrosion, copper strip at 212 F A6337
Sulfur: Mercaptan, wei~ht % 0.0006

Total, weight %0.023
Doctor Test Sweet
Aromatics, voium2 % Sweet
Olefins, volume % 1.2 0,.5
Smoke Point, = 0,,5
Naphthalene, weight % 0.1? 0.02 0.28
Copper, ppb 15.0 25.0 9.0Iridene, ppm 8 0
Iron, ppm 0
Lead, ppb 0.43Nitrogern Basic, ppm 9.2 2.0 4.4

Pyrrole, ppm 0.12 0.0 Ni
Oxygen, Dissolved, ppm 38.6Peroxide, ppm 0.60 0.36
Sodwium, ppm 0. 76
Sulfonatte, ppm 0.014 N76
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Table 6 '(Continued)

PhYsical and Chemical Tests on Fuels

Reclaim 56. 7

S~Aged Before After After

Treat Trw - Treat
Gravityo *AP , 49.o
Distilation: E . 300

10% Evap., OF 31150% Evap., OF 334
90% Evap., OF 372

BPI -F432Residue, volume % 0.5Loss, volume % 0.5Saybolt Color 
+16Freezing Point, OF -70-Viscosity, cs at -40 F 4.27Particulate Matter, ig/al, O.45A Filter 2.2*mu: Existent, qg/ioo a 1.0 0.8Potential, mg•iJ0 a.l 1.0 1.4Water Reaction Index 1.0Water Separometer: WSI 99.7

WSIX 58.0Moisture, pla 
39.2Specific Heat at 300 F 0.63.0Net Beat of Combustion, Btu/lb 18,632

Anillne-GrY vlty Product 6591Corrosion, copper strip at 222 F IASuLtur: Nercaptan, veight % 0.0006Total, eight % 0.018Doctor Test 
SweetArontIcs, volume 5 11.6Olefins, volume 5 0.7 0.6Smoke Point, m 30.0UIapttalene, weight % 0.39 0.17 0.17Copper, ppb 146.0 (10.0 7.0Indene, min 1i45 0Iron, prp 128 0.72Lead., ppb 
19.9litrogen: Basic, ppm 1.7 (1.0 4.4pyrrole, ppm 0.2 0.1 NilOxygen, DLssol ed, ppm 31.6Peroxide, p9m 
0.90 0.53Sodiua, ppam 
P. 11Sulfonste, ppm 0.160 Nil

79



Table 6 (Continued)

Physical and Chemical Tests on Fuels

Reclaim No. 8

Aged
Before After After
Treat Treat Treat

Gravity, 'API 48.8Distillation; I3p3, 304i
10% E-vap., OF 320
50% Evap., or 34090% Evap., or 377
Residue, volume % 0.2
Loss, volume % 0.8Saybolt Color 

+16Freezing Point, *F -70-Viscosity, cs at -40 F 4-37Particulate 3*tter, mg/gl, 0 .45/4 Filter 1.0Gam: Existent, Mg/1O al 1.8 0.2Potential., Mg/boo ml 3.0 3-5Water Reaction Index 1Water Sep.roseter: WSI 86.0
WSLM 39.0Moiature, ppa 

32,3Specific Heat at 300 F 0.610Net HSea of Combustion, Btu/lb 18,635AniLine-Grayity Product 66l2Corrosion, copper strip at 212 F 1ASulfur: Mercaptan, wei ;ht % 0.0006
Total, weight %AO0C2Doctor Test 

SweetAroatics, volume % 21.1Olefins, volume 0 0.8 0.7Smoke Point, mm 
29.5Naphthalene, weight 5 042 0.21 0.15Copper, ppb 49.0 (10.0 20.0Indene, ppm 94 i4Iron, ppm 262 0.63Lead, ppb 
19.1 27.8Nitrogen: Basic, ppm 1.9 1.0 4.4Pyrrole, ppM 0.3 0.1Oxygen, Dissolved, ppm 38.2Peroxide, PpN 0.60 0."Sodium, ppm O.OOSulfwaste, ppm 
0.180 0.002
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Table 6 (Continued)

Pbysical and Ctiemica3 Tests on Fuels

Reciais No. 9

Aged
Before After After
Treat Treat Treat

Gzwrity, -API 49.4
Distillation: IW, ?F 300

10• Evap., 1O 314
50% E'v p., OF 332
90% Evap., or 370

EF.. OF400
Residue, volume %io.+
Loss, Volue1 1 0.6

Saybolt Color +16
Freezing Point, 0F -70-
Viscosity, ce at -40 F 5.09
Particulate Matter, n/gal, O. 4 5A Filter 3.2
Gus: Existent, mg/l00 ml 1.2 0.2

Potential, m/l00 ml 1.0 1.9
Water Reaction Index 1
Water SepLroueter: WSI 86.3

WSIX 37.0
Moisture, ppm 38.2
Specific Beat at 300 F 0.611
Net Heat of Combustion, Btu/lb 18,638
Aniline-&ravity Product 6644
Corrosion, copper strip at 212 F IA
Sulfur: ftrcaptan, ve-iht % 0.0006

Total, weight I 0.019
Doctor Test Sweet
Aromtics, volume % 3a.4
Olefins, volume % 1. 0.9
Smkoe Point, mm 30.0
Naphthalenee, weight 5 0.29 0.18 0.09
Copper, ppb 48.0 (10.0 11.3
Indenei, pym 95 8
Iron, ppm 90 0.72
Lead, ppb 16.3 25.3
Nitrogen: Easic, ppm 2.1 1.0 3.5

Pyrrole, ppm 0.3 0.1
Oxygen, Dissolved, ppm 40.3
Peroxide, ppm 1.42 0.36
Sodium, ppm 2.05
Sulfomte, ppm 0.000 Nil
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Table 6 (Continued)

Pbysical and Chemical Tests on Fuels

Reclaim No. .0

A&d
Before Aftei After
Treat Treat Treat

Gravity, "API 47.6

Distillation: IBP, *F 316
10% ivap., OF 332
50% Evaip.,, F 358
90% Evap., F 390
EP..F 4.20
Residue, volume % 0.3
Loss, volume % 0.7

Saybolt Color +28
Freezing Point, *F -80-
Viscosity, cs at -40 F 5-53
Particulate Matter, mg/gal, 0. 4 5q Filter 2.1
Gum: Existent, mg/100 ml 0.8 0.4

Potential, rag/100 ml 1.4 5.8
Water Reaction Index 1
Water Separometer: WSI 74.3

WSIM 28.0
Moisture, ppK 53-9
Specific Heat at 300 F 0.607
Net Heat of Combustion, Btu/lb 18,628
Aniline-Gravity Product 6545
Corrosion, copper strip at 212 F IA
Sulfur: Mercaptan, weight % 0.0030

Total, weight % 0.025
Doctor Test Sour
Aromatics, volume % 12.8
Olefins, volume % 0.7 0.8
Smoke Point, mm 28.0
Naphthalene, weight % 0.81 0.13 0.27
Copper, ppb 13.0 13.0 10.0
Indene, ppm 38 16
Iron, ppm 59 1.11
LeAd, ppb 22.0 25.3
Nitrogen: Basic, ppm 1.7 1.0 5-3

Pyrrole, ppm 0.2 0.1
Oxygen, Dissolved, ppm 37.7
Peroxide, ppm 1.36 0.44
Sodium, ppm 0.65
Suifonate, plm 0.054 0.062
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Table 6 "Continued)

FIaysioal and Chemical Tests an Fuels

Reec•ai so. 11

Aged
Before After After
Treat Treat Treat

Grario, wix 46.5 46.5
Ditillation: 3IP, V 330 325

xLo% gYpr p 3w0 334
50% EvSP.,. *? 355 356
9D% Eap., 7 376 378
BPI * 416 412
Residue, volume % 0.5 1.2
loss,, volume % 1.0 1.3

Saywlt Color +15 +30
Freeeszi Point, V -70- -80-
Viscosity, ca at -40 F 5,52 4.99
Particulate Matter, /pl, 0.8 A Filter 2.3 --

004 5At Filter T.6 I5
am: Existet, s i/o00 al 0.4 0.6 0.2Potential, ma/i00 ni 4-3 2,,8 1.2

Water Reaction Index 4 1
Water Searoweter: WSI 8.3 89.3

wsIN 27.0 55.0
Moisture,' pnI 36.0 28.8 16.3
Speciric Heat at 300 F 0.607 o.605
Set Hat of Combustion, Btu/Ib 18,615 18,604
Aniline-Gravity Product 6426 6314
Corrosion, comper strip at 212 F 3B ])
sufwur: ercapta', eig*lt 0.0006 0.0006

Totala veight 0.016 0.020
Doctor Test Sveet Sveet
Aromatics, volume % 11.7 12.6
01eins, volume 5 3.0 1.5
Sq. Point, - 23.0 21.0
hpkkliene, veight 5 0.11 0.11 0.19
Coner, ppb 30.0 49.0 12.5
Indene, pIE 89 51 62
Ir•, pja 0.32 0.002
Lead, b 55.6 2.5 51.4*
Nitrogen: hsic, pm 3.0 5.0 5.9

Pyrrole, pan 0.30 0.00 0.01
Omyeu, Dissolved, ppm 32.6 46.0
Pezjde, Mp 3.40 3.60 0.98
Seo4±im, ppm 1.86 2.08 1.49
8uLIfamte, p P 0.507 0.100 0.000

• Lad content is abnormlly high because of using tin coated storage cans.
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Table 6 (Continued)

1iysical and Chemical Tests on Fuels

Reclaim No. 12

Aged
Before After After
Treat Treat Treat

Gravity, *API 46.5 46.5
Distillation: IBP, *F 322 324

1o%g vp., OF 340 340
50% Evap., VF 354 356
90% Evap., V7 376 378
EP, (V 412 401
Residue, volume % 0.7 1.2
loss, volume % 1.3 0.8

Saybolt Color +15 +30
Freezing Point, *F -70- -80-
Viscosity, cs at -140 F 5-30 4.84
Particulate Matter, mg/gal, 0.8A4 Filter 13.2 --

0.14 5A Filter 15.1 1.9
Gum: Existent, 49/IO0 ml 0.2 0.6 0.2

Potential, r/io0 ml 1.2 2.9 1.6
Water Reaction Index 4 1
Water Separometer: ':SI 15.6 70.3

wSIM 44.o 50.0
Moisture, ppm 62.6 40.8 25.5
Specific Heat at 300 F 0.607 0.605
Net Heat of Combustion, Btu/ib 18,615 18,604
Aniline-Gravity Product 6426 6314
Corrosion, copper strip at 212 F 3B IA
Sulfur: Mercaptan, weight o 0.0=o6 0.0006

Total, weight 5 0.018 0.023
Doctor Test Sweet Sweet
Aromatics, volume % 11.5 13.1
Olefins, volume 5 2.8 1.6
Smoke Point, am 23.0 24.0
Naphthalene, weight % 0.11 0.10 0.17
Copper, ppb 25.0 49.0 7.0
Indene, ppm 85 56 56
Iron, pin 0.40 0.01
Leado, ppb 468 7.5 50.6*
NItrogen: Bksic, ppm 3.0 2.0 5.9

Pyrrole, ppm 0.50 0.20 0.00
Oxygen, Dissolved, ppm 118.5 38.9
Peroxide, pyn 3.40 2.90 J.71
Sodium, ppm 1.69 1.88 1.51
Sulfonate, ppm 0.356 0.110 0.030

* Lead content is abnormally high because of using tin coted storage cans.



Table 6 (cmtinaued)

Plasiml, and Chesdca! Tests on Fuels

Reclsi& No. 13

Aged
Before After After
Treat Treat Treat

Gvity, * "API 46.9 46.9
)istillatioa: IMP or 312 334

10 Evap, I 336 340
50% Ervap., e7 351 352
90% EvaP., eF 374 371
S,7 Or 396 416
Residues volum 5 1.0 1.0
loSS, vX mO 5 1.0 1.0

Saybolt Color +22 +30
Freezing Paoiit. +" -70- .80-
Viscosity, cs at -40 F 5.19 5.37
N.ticu~ate Xktter, JK/p1, 0.-45m Filter 6.8 3.0OUR ftiut., wg/lO0 al 0.4 0.2 0.2

ioen ,sj 3/ioo U1 3.9 1. 9 1.0o
Water Reaction Index I I
Water Sepsrom•ter: WSI 62.6 97.6

WSIN 23.0 43.0
Misture, pla 38.7 28.8 27.5
Specific Neat at 300 F 0.606 o.6o6
Net Neat of Combustion, Btu/Ib 18,613 18,604
A3i line-Grvity Product 6k0 6322
Cc rosioua, copper strip at 212 F JA i1
Sw.fhr: ,ercaptan, 5.iq ,, 0.0006 o.wo6

Total, vweight 0.039 0.014
Doctor Test sweet Sweet
Aromwtics, volume 5 10.7 13.0
Olirmas, volum 2.95 1 8
SBak• mu, 26.0 26.0
hphthbL.ne, veigbt 5 0.08 0.08 0.12
Copper, ppb 26.0 7.0 10.0
InAde, nu 14 25 30
Iron, pM" 0.28 0.04
Lad, p& 109 5.0 55.1*
mtragen: Baic, #pn <1.0 <1.0

Pyrrole, PIm 0.50 0.30 0.02
Ovgn., Dissolyed, m•m 34.5 50.3
Peroxide, ppa 1.22 0.89 0.62
Sodium, ppm 3.59 1.12 5.31
Sulfonite, Ppm 0.132 0.000 0.005

* Lemd content is •bnormally high because of using tin coated storage cans.



Tdble 6 (Continued)

fPysical and Chemical Tests on Fuels

Reclaim No. 14

Aged
Before After After
Treat Treat Treat

aravi tyI *A1 46.9 47.1
Distillation: IBP, "F 318 323

10% E"vap., Of 336 336
50% Evap., IF 351 350
90% ZvIfp., or 374 373
REP , ol401 390i
Residue, voluzms % 0.5 1.0
l'oss,. volu.me 5 1.5 1.0

Saybolt Color +22 +25
Freezing Point, P -70- -80-
Viscosity, cs at -40 F 5.13 5.39
Particulate Matter, ug/sal, 0. 4 5* Filter 1.5 3.0
Wum:Existent, mg/100 ml 0.6 0.2 0.O

Potential, mg/100 ml 2.7 1.0 1.0
Water Reaction Index 1 1
Water Separometer: WSI 55.7 97.3

WSIM 28.0 64.o
Moisture, ppm 4.47 12.0 23.5
Specific Heat at 300 F 0.606 0.606
Net Heat of Cosbustion, Btu/Ib 18,613 18 607
Aniline-Gravity Product 642 6;49
Corrosion, copper strip at 212 F IA 13
Sulfur: Mercaptan, weipt % o0.0o6 o.ooD6

Total, weight 0.035 0.009
Doctor Test Sweet Sweet
Aroutics, volume % 13.1 22.0
Olefins, volume % 1.6 1.9
Smoke Point, = 27.0 25.0
ftaphthalene, weight % 0.08 0.08 0.09
Copper, ppb 27.0 3.0 5.0
Indene, pua 48 20 22
Iron, ppe 0.41 0.40
Lead, ppb 40.3 20.0 51.9*
Nitrogen: Basic, ppa (1.0 1.0

Pyrrole, ppe 0.40 0.10 0.00
Oxygen, Disolved, pp. 34.5 48.6
Peroxide, ppm 1.22 0.71 o.62
Sodium, ppm 0.72 o.66 4.36
Sulfozate, ppm 0.129 0.000 0.000

* Lad content is abnor173y high because of using tin coated storaige cans.
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Table 6 tcm~tinued)

PbysIol and Cbesmcal Tests on Fuels

IRec1IsA So. 15

Aged
Befcre After After
Treat Treat Treatjmiy A 46.9 4.

10% Ivap.,s v 336 33650 ip, 7352 35090 mvp.,v l 376 374

Reallbe" Voume %1.01.Ums., volum 5 1.0 1.0ftybolt Cal= 
+22 +30Freezing Point, *F-D- -0viscosity, an at -40?7 4.8T 5.30fttCIt )kttggs, 99AW, 0.45AI Filter 4.9 2.0It: *t t as/200 ml 2.4 0.40.Potatl.. mgJ300 al 3.7 1.3 1.3'later Bee5ation btAU

Water Sepaxcmster: 1181 109 9-
WIN 22.0 46.0ftistu"e, pin 42.1 18.6 18.4Specific East at 300 1' o.606 o.6%6Net mast or Codmstjon, ku/lb 186l5 18 607Ani7lnt-Urgity ?soubset 615 6j4.5Corrosions copper strip at 232 F IA ISu~ftr: Mweaptaft, weirt 50.0006 0.0006Total, weight 50.034 0.020Doect Test 

Sweet sweetAromaintcs, VDnM. % 10.8 13.601mrima vojam 52.6 1.6Smake Pblatj, no 2T-0 27.04hpk3smime veijat *0.08 0.08 0.08COpper, Pp 33.0 K10.0 15.0Ianame, P"m 33 16 33,real no 0.92 0.77Lomd, ppb 37.8 8.5 22.2*Nitrome: heIC. noe 2.0 3.0 3.0?yrroe, p~0.10 0.10 00*46'i,p Kssolved, pM 27.6 4.PWO(140D PIft 1.o6 0.71 0.58ft v4pe2.05 2.64 T. 59smuIe, ma.177 0.000 0.000
*amd comtezA to abmomijyl high because of tising tin coated storage cans.
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Table 6 (Continued)

Physical and Chemical Tests on Fuels

Reclaim No. 16

Aged
Before After After
Trea Treat Treat

Gravity, 'APi 46.9 47.1
Distillation: IBP, VF 322 332

l0 Evap., OF 338 338
50% EIvap., 'F 352 352
90o Evap., OF 370 374
UP, F 408 394
Residue, volume % 0.5 1.0
Loss, volume % 0.5 1.0

Saybolt Color +27 +30
Freezing Point, 'F -70- -80-
Viscosity, cs at -40 F 5.23 5.32
Particulate Matter, mg/gal, 0.45A Filter 2.3 1.2
Gum: Existent, mg/100 ml 0.6 0.8 0.6

Potential, Mg/l00 ml 1.8 3.7 1.4
Water Reaction Index 1 1
Water Seperometer: WSI 55.6 92.9

WSIM 26.0 46.0
Moisture, ppm 34.4 36.9 23.5
Specific Heat at 300 F 0.606 o.606
Net Heat of Combustion, Btu/ib 18,610 18,612
Aniline-Gravity Product 6378 6391
Corrosion, copper strip at 212 F IA 2A
Sulfur: Mercaptan, weight o 0.0006 0.0o06

Total, weight % 0.024 0.020
Doctor Test Sweet Sweet
Aromtics, volume 5 1U.7 12.7
Olefins, volume % 1.7 1.4
Smoke Point, am 28.0 25.0
Naphthalene, weight 5 0.07 0.08 0.12
Copper, ppb 30.0 <10.0 30.0
Indene, ppm 44 23 28
Iron, ppm 0.40 0.83
Lead, ppb 92.0 5.1 24.7*
Nitrogen: Basic, ppm <1.0 6.5

Pyrrole, ppm 0.00 0.00 0.00
Oxygen, Dissolved, ppm 25.8 39.4
Peroxide, Ppm 1.22 0.89 o.67
Sodium, ppm 3.08 1.67 6.99
Sulfonate, ppm 0.183 0.000 0.009

*Le,,d content is abnormlly high because of uming tin coated storage cans.
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Table 6 (continued)

Pbsical and Chemical Tests on Fuels

Reclaim No. .17

Aged
Before After After
Treat Treat Treat

Giravity-, "API 48.1 48.0
Distillation: IP, V7 324 326

10% Eup"., *P 332 332
E% p., OF 342 343

5 R•vp., *7 366 366
ZP4 ' 4.06 388
Residue, volume % 1.0 1.0
Loss, volume 5 0.0 1.0

Saybolt Color +30 +30
Freezing Point, Or -80- -80-
Viscosity, ce at, -W0 F 5621 4.96Partictulate VAtter•, sg/p, O-45M Filter 3.4 2.7

Gum: wcisten,, ' /0fl0 al 0.4 0.4 o.4
Potential, i/I00 ml 1.6 0.6 1.1

Water Reaction Index 1 1
Water SeparoAeter: WSI 71.9 99.7

WSIM 35.0 50.0
Moisture, ppm 36.4 38.2 21.4
Specific Beat at 300 F o. 608 0.608
Net Rest of Coustion, Btu/lb 18,633 18,626
Aniline-Gravity Product 6595 6528
Corrosion, copper strip at 212 F 1A 13
Sulfur: Mercaptans veight % 0.0006 0.0006

Total, weight 0.023 0.015
Doctor Test Sweet Sweet
Aromatics, voluae % 9.5 10.7
Olefins, volume 5 1.7 1.5
Smoke Point, = 25.0 27.0
ftphthslee, veight % 0.15 o.o6 0.10
Copper, ppb 33.0 <10.0 22.5
Indee, 0pm 16 7 13
Iron, pn 0.06 0.22
Lead, ppb 49.7 27.9 22.2
Nitrogen: haic, pim <1.0 2.8 3.0

PyTrroi, ppN 0.30 0.30 0.00
Oygen, Dissolved, pin 39.6 47.1
Peroxide, pim 2.84 0.71 0.62
Sodium, ppm 1.79 0.97 5.06
Sulfonmte, pp 0.039 0.000 0.000
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Table 6 (Continued)

Physical and Chemical Tests on Fuels

Reclaim No. 18

Aged
Before After After
Treat Treat Treat

Gravity, *AP. 47.4 47.2
Distiliat4on: IBP, •' 328 330

10% Evap., *F 336 336
50% Evap., 'F 346 348
904 Evap., OF 316 370
EP, *F 404 410
Residue, volume % 1.C 1.0
Loss, vo "lume $ 0.0 1.0

Saybolt Color +29 +25
Freezing Point, OF -80- -80-
Viscosity, cs at -40 F 5.23 5.11
Particulate Matter, mg/gal, 0. 455M Filter 4.9 1.9
Gum: Existent, mg!100 ml 0.4 0.4 0.2

Potential, mg/lo m1 2.0 1.0 1.1
Water Reaction index 1 1
Water Separometer: WSI 95.0 98.3

WSIM 27.0 30.0
Moisture, ppm 42.0 43.7 22.4
Specific Heat at 300 F 0.606 0.606
Net Heat of Combustion, Btu/lb 18,5 18,615

Aniline-Gravity Product 6484 6419
Corrosion, copper strip at 212 F IA IA
Sulfur: Mercaptan, weight * 0.0006 0.0006

Total, weight % 0.021 0.018
Doctor Test Sweet Sweet
Aromtics, volnme % 11.9 11.6
Olefins, volume % 1.5 1.5
Smoke Point, mm 25.0 26.0
Naphthalene, weight % 0.10 0.06 0.06
Copper, ppb 3.9.0 <10.0 20.0
Indene, ppm 23 12 12
Iron, ppm 0.34 0.22
Lead, ppb 52.7 4.6 21.5*
Nitrogen: Basic, ppm 2.5 3.0 3.0

Pyrrole, ppm 0.30 0.30 0.00
Oxygen, Dissolved, ppm 47.9 36.3
Peroxide, ppm 0.89 0.71 0.62
Sodium, ppm 0.68 0.72 5.o6
Sulfon3te, ppm 0.035 0.005 0.000

* Lead content is abiornally high because of using tin coated storage cans.



Table 6 (Continued)

fPtsica1 and Chemical Tests on Fuels

0 Reclaim No. 19

Aged
Before After After
Treat Treat Treat

Gravity, "API 47.3 47.2
Distillation: ThP, *F 326 328

10% Evap., oF 334 336
50% E&P., "OF 344 347
90% Evap., *F 368 370
EP03 414
Residue, volume % 1.0 1.0
umop, volume 5 1.0 1.0

Saybclt Color +27 +25
FY eezign Point, *F -80- -80-
Viscosity, es at -40 F 5.31 5.12
Particulate ?Wtter, ; /ýgpal, 0.45k Filter 4.5 2.9
Gun: Existet, �~/100 ml 0.2 0.2 0.4

potentiao, ma/100 al 1.7 3.8 1,0
Water Reaction Index 1 1
Water Separoeter: WSI 79.1 99.9

WSIM 22.0 50.0
Moisture, ppm 36.4 29.1 53.0
Specific )leat at 300 F 0.606 o.6o6
Net Heat of Combustion, Btu/!b 18,620 18,616
Aniline-Gravity Product 6471 6429
Corrosion, copper strip at 212 F 3A 2A
Sulfur: orcaptan, weight 5 0.0006 0.0006

Total, wei•ht % 0.017 0.027
Doctor Test Sweet Sweet
Aroztics, volume 5 11.0 11.9
Olefina, volum 1-7 2,2
Smoke Point, ma 25.0 26.0
Naphthalene, weight 5 0.11 0.07 0.04
Copper, ppb 43.0 <i0.0 5.0
Indtmne, ppm 18 4 14
Iron, PY& 0.62 0.02
Lead 4 pb 48.3 5,2 24.7*
Nitrogen: Basic, ppm 1.5 2.5 1.5

Pyrrole, ppm 0.30 0.30 Nil
oxygen, Dissolved, pim 51.1 33.4
Peroxide, ppm 0.71 0.89 0.31
Sodium, ppm 0.92 0.88 3.00
S"fons, ;p 0.000 0.010 0.005

* Lead content is abnormlly high because of using tin costed storage cans.
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Table 7

Growth Characteristics of Bacteria

Pseudomonas Species

Bacterial Designation, Culture Media, Culture Media, Growth
University of Dayton University of Dayton Contractor Rate

B-40 B. Haas slant; JP-4 B. Haas liquid; JP-6 Prolific

B-40 TSA slant B. Haas liquid; JP-6 Moderate

B-40 TSA slant Nutrient broth Slight

B-"4  B. Oaas slant; JP-4 B. Haas liquid; JP-6 Prolific

B-" TSA slant B. Haas liquid; J? -6 Slight

B-44 TSA slant Nutrient broth Slight

B-54 B. Haas slant; JP-4 B. Haas liquid; JP-6 Prolific

B-54 TSA slant B. Haas liquid; JP-6 Prolific

B-54 TSA slant Nutrient broth Prolific



Tab:le 8

Growth Cbsracteristicg of ruwgi

7Y"al Dosiipmtion, Culture Media, Culture Media, Growthtdv .ersty, .of _ytA n University of -yton Contractor Rate

3, 9 Sab. agar siant 3. Haas; JP-6 Slight
B-29 Sab. agar slant Sab. lituid Prolific
B-55 Sab. agar alant B. has; JP-6 Moderate
B-55 Sab. awr slant Sab. liquid Moderate

Notes: B-29 '1s Cladoaporium resinae f. avellaneum.

B-55 is Srmodendrun hordei.
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Table 9

Sample Schedule for Biological Research

Standard Reclawation Filter

Inoculated Following Following
Control Drum Chemical Dryer Reclavation Filter

X X 1 gallon through 1 gallon through

5 gallons through 5 gallons through

15 gallons through 15 gallons through

Notes: Column size of chemical dryer: 0.5 inch x 60 inches

Column size of reclamntion filter: 1.0 inch x 96 inches
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Table 10
Analysts of fttrat Reuovjed from Filter Wei&

______________ We4t,4

Metal Desctivator 138 0.30 0.25
ShptWalne 

0.053 0.47 0.26
Sodium 0.099 0.014 0.011
1;d o.o086 o.o84 0.o56
Indene 0.051 0.025 0.017
Parap••twlnedjaxine o.o42 0.0008 Nil
Sulfouate 0.004T 0.002o Nil
halC Nitrogen 0.0018 0.0002 Nil
Lron 0.0015 0.0015 0.0019
Pyrrole Nitrogen 0.0002 Nil NilI
Copper 0.00022 Nil Nil
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Table 11l

Analysis cf Or*&*e Synthesize ad = eA Ron.e

Cc'0.1ttUefts wesll" .. mL.

Appawst IJayhtl.Lne 8.00

sulfur 2.87

Indene 1.34 13t00

Suit osate 0.078 777

Perapherl~nedjiamne 0,063 629
Mestal Demativatcr 0.027 272

Pftroxdde 0-027 266
Iran 0.020 200

Land 0.011' 172

Copper 0.0017 17.5

Issponifiostion Rad"T 0.0 (Neutral)

Ash Content 23.68

Total Analyzed Contaidnents 122.44)



Vfec Offt-~ltu Sufonteson Thermal StAbIlity

Uicjak ft. 12 ( lus iltratjon)

Coker CGoanditio PreheaterDir 
esue

475/575/6 l11l11l111122 1 0.0
Modif ied Water Separeae1er (W8114): 98.o

~~ (Plus Filtration)te

CokerConditions 
Pre~heter Diff._Pressure, in.-~4&75/575/6 111 U210.0

Nodlf±@4 Water Separomater (WSIN): 99.0o

Re-clI& J1o. 2 12 (PIUS Filtration then
Plus, 0. PIM PtrOletm Sulfonate)

?k~dIfIed Water Separometer (118Th): 53.0

,,* 3& m o. (pl s -5 -P M P tr le m ~lf nae9he



Table 13

Effect of Peroxides on Thermal Stability

Preheater, max code

Fuel 45o!55016

1 jP-6 with no treatment 1

2 J--6 plus 10 ppm benzoyl peroxides 3

3- Fuel 2 inoculated and filtered 1

Table 14

Efrect of Indenes on Thermal Stability

Preheater, anx code

Fuel 425506

1 JP-6 with no treatment 1

2 JP-6 plus 25 ppm indenes 4

3 Fuel 2 inoculated and filtered 1
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Table 15

Effect o•r ]iphteAic Acid on Thermal Stability

~I Opt. Diff. Pressure,
&mesa Conttions Prebeater

with no treatment 450/550/6 111213 0.0

with no treatamat 475/575/6 1111W123331 0.1

JP4 Plus I am
nphtheale acid 450/550/6 1111133112221 0.3

Wm-6 pAus 3 ma
nabth~enle acid 450/550/6 1111111433331 0.0

JP-6 plas 5 ppa
mpktbmdc acid 450/550/6 1211223366h43 0.0

JP-6 pbas 5 pm
PMhbt'c acid

thea r*0esMtioU
filtration 450/550/6 1111331111111 0.0

Socand run for
cae, irmtion 450/550/6 -u13111.111n 0o.0

Notes: The last run was a duplicate of the preceding run to confirm
tht filtration removes nmphthenic acid and therefore
rehabilitates the fuel.

All treatments were made with the same JP-6 jet fuel.
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Table 17

Phenol Coxr~ent (apm) Before amd After Filtration

Riq2&;j No. WoeTet After Treat

1 250 10.0

2 400.0

3 35 0.0

S-- 0.0

5 290 0.0

6 63 0.0

7 320 0.0

8 315 •12.5

9 285 10.0

10 250 15.5

11 5.0 10.0

12 5.0 8.0

13 4.0 4.0

14 6.o 2.0

15 6.0 0.5

16 2.0 0.0

17 0.0 0.0

18 0.0 0.0

19 0.0 8.0

Note: The before trest results represent phenol content
on fuel samples prior to filtration. The after
treat results represent phenol content on the fuel
it es after filtration.
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Table 18

Additive Content Before and After Reclamation Filter

Paraphenylenediamx ne Meta 1 Deact ivator,
Antioxidant, Ibs/lOQO bbl lbsilOW0 bbl

Reclaim No. Before After Befr re After

1 Nil 0.00 2.69 0.00
2 0.35 o.0o Nil 0.00
3 6.98 0.00 Q.88 0.00
4 7.36 0.35 1.4o 0.00
5 0.87 0.00 1.54 0.00
6 2.44 0.00 Nil 0.00
7 Nil 0.00 2.27 0.00
8 0.17 0.00 2.36 0.00
9 1.05 0.00 1.82 0.00

10 Nil 0.00 1.01 0.00
11 2.27 0.00 0.33 0.00
12 7.33 0.00 1.42 0.07
13 1.57 0.00 0.93 0.00
14 7.86 0.00 1.83 0.07
15 i. iq 0.00 1.46 O.16
16 1.80 0.35 0.94 0.30
17 1.1+0 0.00 0.40 0.02
18 2.79 0.00 2.50 0.00
19 2.27 0.00 1.10 0.00
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Table 20

Lube Oil Additive Analysis by Infrared

% Lube Additive

Run Before Treat Af-.er Treat

I 0.O24 0.0

2 0.022 0.0

Table 21

Effect of Antistatic Additive on Thermal Stability

Preheater, Diff. Pressure,
Fuel max code in. Hf

I JP-6 with no additives 1 0

2 Fuel No. 1 with ant ict.tic additive 3 1.2

3 Fuel No. 2 after reclazation filter 1 0

Table 22

Recommerded Fuel Flow Rates for Filtration Unit

Pressure Drop, lbs/in2

Fuel Viscosity MEx Flow Rate, Filter Bed Depth
Sat 77 F, cs gals /hor/ft 2  8 ft. 16 ft. 24 ft.

JP-4 0.921 400 8 19 28
JP-6 1.326 375 12 28 42
JP-5 2.142 350 21 49 74
Diesel 3.109 315 28 65 97



AppenAlx I

DetS4Ma1 Terml Stability Data for Reclaimed Fuels

AS•TN- C ompatIve Coker Ratings (45o/55oi/6)

Prekaeter
Reowni No. A D___ _ c

1 1331235666664 , t_ 11"3,11,1131 v1_31113131

11 33.11111335 311111113131113 1111,3111,212221

3 31 =3677765 13111111333111-U I 112. JU

4 1.11U4555543 11131111112-1 11L11111113

5 11113 111188888 :1111311-131 1111111111113

6 1113 1111133332 11311-11111-1111 11111131111111

7 11111115111u665 11iu11n lun•_1 1 u111

8 1//1113311688866 .i i"i 1 "1 3 11 1111113311113.

92 11331113577854 1111111J1 3111 1111131111112
140• 13168888W181111181222

11 111311125666886 111111131-11 1 1Ul u 1113

1.3 1118888 "!11.3U 3 111 L U' _' i111113 -,1 -.1

18 1113211155532 W1111113111 13111112122221

19 15 111.Z3' 55 111 1111111132223

A - Deml- fuel as mm~ived
B - !'retteh fuel imaedliatey &fter rec3amzion filtration
C - Treated fuel tix womýhs ae+ter reclamttion ?iltration
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Appendix II

Threshold Therml Stability Data

ASTM-CRC Coker Ratings by the Aero Propulsion laboratory
on Reclaim Nos. 1 Through 10

Reclaim Test
No. Date Conditions, 'F 4P-MInutes P'eheater

1 7/t /63 400/500/6 0.2-300 11111u1111111
1 7/25/63 400/500/6 0.7-300 1111111112113
1 7/1 /63 425/525/6 17.5-300 111111i111143

2 7/22/63 375/475/6 8.8-300 1111111111,1
2 7/'2 /63 4oo/5oo/6 25.0-260 2222222222333
2 7/2 /63 425/525/6 25.0-188 1i2iu1122433

3 7/23/63 375/475/6 3.4-300 1111112211111
3 7/3 /63 4oo/500/6 25.o-249 3333333311333
3 7/3 /63 425/525/6 25.o-234 1123331111343

4 7/24/63 375/475/6 25.0-300 111111lLn 111
4 7/15/63 400/500/6 25.0-128 00000011344i
4 7/15/63 425/525/6 25.0-191 111111114443

5 7/23/63 375/475/6 1.7-300 1111111322222
5 7/8 /'63 400/500/6 1.7-300 1111111ll1322
5 7/8 /63 425/525/6 25.0-300 111111111111i

6 7/23/63 375/475/6 9.1-300 111i111222221
6 7/9 /63 400/500/6 14.8-300 2222222222332
6 7/9 /63 425/525/6 25.0-178 1111133211111

7 7/24/63 375/475/6 6.2-300 1111111111112
7 7/10/63 400/500/b 25.0-198 ll12224332
7 7/10/63 425/525/6 25.0- 68 1111111111221

8 7/11/63 400/500/6 6.7-300 1111111111111
8 7/24/63 400/500/6 3. 1-300 111111111111
8 7/11/63 425/525/6 14.2-300 111U11,1111222

9 7/22/63 4oo!/5o/6 0.5-300 1111111111111
9 7/12/63 425/525/6 0.4-300 1111111111111

10 7/18/63 400/500/6 25.0-260 1111111112441
10 7/48/63 400/500/6 25.0-235 1111113124442
10 7/22/63 375/475/6 23.6-300 1111111111111
10 7/25/63 375/475/6 11.6-300 1111111111111
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Appendix III
Stormge StabiZity Datt of Unfiltered Fuels

Recl&aAST Cokere•ate 
0perating Conitions

Testlds atT bre ho /6 Te-z- pre ter
8/14/63 375/475/6

Ii 8/15/63 350/450/6 aaJUnaI6555112/11/64 325/1425/6 2LU lu112/22/64 300/400/6 1-ln64

12 8/1/63 375/475/6Lu
12 8/15/63 350/11/15555/12 14/3 /64 350i/450/6 112111112134512 413 /64 350/45•/6 1111111U3453

1k 0/ 7/63250/455 /6 1111 i11122453
14 8/24/63 450/550/618/4/7 63415/5/ 111111124753214l//64 

425I•756 na25/52j/61447 /64 450/550/6

17 8/29/63 450/550/6 IL11-124443217 8/29/63 400/5W0/6 1l11111.,.14432.17 8/30/63 375/475/6 122112217 4/10/64 450/550/617 4/1.1/64 375/475/6 11111113432W17 4/13/64 35D/450/6 I11113U1354311111111122211
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Appendix IV

laboratory Procedures Used for Physical and Chemical Testing

Federal Std. ASTM
Test No. Standard Others

Gravity, API D 287

Distillation D 86

Saybolt Color D 156

Freezing Point D 1477

Viscosity D 445

Particulate Matter Proposed

Existent Gum D 381

Potential Gum D 873

Water Reaction Index 3251

Water Separometer Index 3255

Water Separometer Index
Modified 3256

Moisture D 1364-62

Vol. II

Specific Heat Calculated

Net Heat of Combustion National Bureau
of Standards

Aniline-Gravity Product D 287 and
D 611

Corrosion D 130

Sulfur, Mercaptan D 1323

Sulfur, Total D 1266

Doctor Test T,,; 41 -Q9
. v •a•. v~a, 108



Test Federal Std. ASTMS• .......... .•m .No, T1 s •others

Armatics D0 2191SD 1319

OMonsanto 2521-2

roAORCO (Photometric)

IrA" ACIRCO (Photometric)let4 A(PCO (Photometric)

Nitrogma, Dasic Sinclair

Nitrogen, Pyrrole UOP 276-59

OWW*en, Dissolved Phillips 0C
Peroxide Louisville Neoprene

lab 4s-170o8
Sodium ACRCO (Emission)

Sulfaoae California Research

Corporation
Phenol Shell

Saponification Nuber D 939

Therml Stability D 1660
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Appendix V

Bacteriological Procedures

A. Culture Propagation

In order to propapte the quantity of both bacteria and fungi
necessary to inoculate adequately 15-gallon drum samples, sub-
cultures were prepared using for the bacteria Bushnell-Haas
liquid medium with JP-6 (sterile) overlay and nutrient broth
(see Table 7). For the fungi, both Bushnell-Haas mineral salts
liquid medium with JP-6 overlay and Sabouraud's liquid medium were
used (see Table 8). These subcultures were allowed to incubato at
37 C for several days prior to their inoculation into the fuel.

As the growth rates shown in the tables indicate, the bacteria
proliferate more readily in a mineral salts-Jet fuel environrent
thAn the two fungal species.

B. Fuel Inoculation, Samplingj and Culturing Procedures

1. Isolation cf microorg-anisms

Each subculture was isolated from the i4quid culture medium
by means of decantation and filtration.- The suction of the
filtration assembly was released when approximately 30
milliliters of organism-containing medium remined. To
preclude aerosol contamination, the apparatus was covered with
foil and moved to the recla, tion filter pilot plant units.

2. Actual drum inoculation procedure

Prior to inoculation of the JP-6 with the microorganisma, a
stream of cylinder-nitrogen was delivered through a fritted
agitator into the fuel with such velocity that the fuel was
mixing violently at the time of inoculation. At this point,
the microorganisms were emptied into the fuel and allowed to
circulate for five minutes prior to sampling of the inoculated
15-gallon drum of JP-6. Figure 28 shows the intii'ete dispersion
of the bacteria in the fuel.

1 Iillipore pyrex filter assembly; 0.45 micron pore diameter, type FA
filter.
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S3- s.qaln procedure for Inoculated drum

A aue-quart faaqple was siphoned from the inoculated drum
through sterilized tygon tubing into a sterilized quart
'bottle. This was returned to the bacteriological laboratory
for culturing.

4 i. Isolating and culturing procedure for samples

Aseptic conditions were vaintained in the laboratory at all
times and elsewhere during the course of this project as

* -• rftuea d The quart fuel samples taken at various points
(see Sample Schedule, Table 9) were filtered through a 0.45
micran Mllipore filter. Bach empty sample bottle was rinsed
"with four 25-milliliter increments of sterile water. These
incremental washes were added to the respective Millipore
filtration assembly and suction applied to aid in drawing the
wash-mterial through the cellulose filter. Finally, the
Millipore cellulose filter was carefully placed in previous.y
"sterilized petri culture dishes containing the appropriate
medium to optimize growth of the organisms sought. (Sabouraud's
liquid medium in the case of the fungi and Bushnell-Bias mineral
salts in the case of the bacteria.) These were incubated at
37 C for fourteen days.

C. Culture Ebaminations and Determinations of Results

1. Visual exommation

Visual eamminations were made daily and a log kept of the
presence or absence of biological growth. These inspections
revealed that fungl growth could be detected within 24 hours.
Following a 72-hour incubation period of a Hormodendrum-species
(fungi)-inoculated-drum sample, approximately two hundred and
fifty cclonies were counted. Figure 25 shows the culture of
these fungi through the test sequence, The control sample and
the sample following the reclanmtion filter (designated as
number 3), show a complete absence of fungl growth; whereas
number 1, which is the inoculated drum sample, and number 2,
the fuel following the chemical dryer section of the unit, show
250- and 12-colonie3, respectively. (The fungi grew at the
fuel-culture medium interface while the bacteria dispersed
throughout the culture medium phase on3y.) Visual inspection
for bacteria was less successful since approximately forty-
eight hours were necessary to produce turbidity within the
Bashnell-MAs medium, great enough to assure positive or
negtive identification. It was therefore decided that
microscopic checks were more reliable in this area.
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2. Optical microscopic2 checking procedure

One-inch by three-inch slides were prepared using various
stains to accentuate contrast between the cell walls of the
microorganisms and their background which in turn produced
better photomicrographs. Loeffler's staining procedure proved
to be adequate for this application.

Optical microscopy was found to be adecluate for determination
of the presence of both bacteria and fungi. Electron microscopy
was also utilized both because it is nore definitive and because
it provides a means of double chiecking.

3. Electron microscopic 3 checking procedure

Nickel grids were covered with the culture in question by means
of a looped inoculating needle. These grids were then scanned
in order to detect micronic and submicronic particles in
addition to microbiological contaminants. This served a very
useful purpose of not only revealing the fuel to be completely
free of bacteria and fungi following the recla tion filtration,
but also to be virtually free of extraneous matter of all types.
The electron photomicrograph 7500 X magnification enhances the
cell wall differentiation and enables the viewer to obtain a
better concept as to its cellular structure.

2 Leitz Ortholux microscope, maximum magnification (oil) 1225 X.

3 Phillips Electron Microscope, Model 75.
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